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Description 

FREQUENCY OFFSET DETECTOR FOR AFC 
UNDER RAYLEIGH FADING 

Background of Invention 
[000 1 ] 1. Field of the Invention 

[0002] This invention relates to Automatic Frequency Control 

during communications between a base station and a mo- 

rd 

bile unit in a 3 Generation Partnership Project wireless 
communications network. More specifically, a device and 
method to compensate for a Doppler shift induced fre- 
quency offset between the base station and the mobile 
unit is disclosed. 
[0003] 2. Description of the Prior Art 

[0004] a mobile unit in a wireless communications network func- 
tions in a difficult environment. Structures and terrain 
scatter and reflect a signal transmitted from a base station 
to the mobile unit. As a result, the signal picked up by a 
receiving antenna is a sum of all the scattered and re- 



fleeted, or multipath, signals. In general, the quality of 
this received multipath signal is affected by two major 
factors. 

[0005] The first factor is called slow fading or lognormal fading. 
Slow fading results from absorption of the signal by ter- 
rain between the base station and the mobile unit. A good 
example of slow fading is a mobile unit moving through a 
tunnel, possibly resulting in loss of signal strength. 

[0006] The second factor is called fast fading, multipath fading, 
or Rayleigh fading. Rayleigh fading results when the mul- 
tipath signals arrive at the mobile unit and combine de- 
structively, possibly causing a loss of the entire band- 
width. Another form of Rayleigh fading is a Doppler shift 
in frequency due to motion of the mobile unit relative to 
the base station. 

[0007] The frequency shift between the transmitter and the re- 
ceiver interferes with many functions in a Wideband Code 
Division Multiple Access (WCDMA) Universal Mobile 
Telecommunications System Terrestrial Radio Access Net- 
work (UTRAN). For example, the bandwidth of Channel Es- 
timation (CE) in the WCDMA must be designed for the 
Doppler spread. This is easily illustrated. Fig.l shows a 
spectrum of channel complex gain 15 of a received signal 



neatly centered within an allotted bandwidth 10 when no 
frequency offset exists. Fig. 2 shows how signals are dis- 
torted when a received signals spectrum of channel com- 
plex gain 25 falls outside of the allotted bandwidth 10 
due to a frequency offset. 
[0008] An Automatic Frequency Control (AFC) is an efficient solu- 
tion to compensate for a frequency offset. As shown in 
Fig. 3, a Phase-Locked Loop (PPL) 40 is a common struc- 
ture for an AFC. The PPL 40 comprises a Phase Detector 
(PD) 42, a Loop Filter (LP) 44, and a Voltage Controlled 
Oscillator (VCO) 46. In Fig. 3, ul(t) is the input signal and 
u2(t) is the output of the VCO 46. The error (the phase 
difference in this case) is detected by the PD 42 and the 
output ud(t) of the PD 42 is proportional to the error. The 
detected output ud(t) is further filtered by the LP 44 and 
the output uf(t) of the LP 44 is sent to the VCO 46 where 
the control signal of the VCO 46 is generated. The phase 
error between the output u2(t) of the VCO 46 and the in- 
put signal ul(t) is detected again by the PD 42. This nega- 
tive feedback reduces the phase error between ul(t) and 
u2(t). 

[0009] jo implement the PPL 40 in baseband, the VCO 46 is re- 
placed with a variable complex tone generator, and a 



multiplier and a frequency-offset detector replace the PD 
42 to put the AFC into practice. A conventional offset de- 
tector 50 is shown in Fig. 4. The offset detector 50 takes 
the derivative of the input phase. In a digital baseband, 
after multiplying the input signal ul(n) with the compen- 
sating signal u2(n), this is achieved by multiplying the 
conjugate of the previous sample with the current sample. 
Stated mathematically, ud(n) = 

ul(n)u2(n)[ul(n-l)u2(n-l)]*. This kind of detector is eas- 
ily interfered with by Doppler spread and therefore the 

phase noise increases. 
Summary of Invention 

[0010] it is therefore a primary objective of the claimed invention 
to disclose an offset detector for automatic frequency 
control (AFC) in a 3GPP wireless communications network 
that performs well under Rayleigh fading. 

[0011] Briefly summarized, the present invention AFC is a Phase- 
Locked Loop (PPL) having six parts. There is a phase de- 
tector block, a loop filter block, and a voltage controlled 
generator block, all modified to lock the frequency offset 
under Rayleigh fading and to work in baseband. The loop 
filter block of the AFC includes a low-pass filter and a 
gain amplifier. The phase detector block includes a multi- 



plier and an offset detector. The voltage controlled gener- 
ator block includes a variable phase generator and an ex- 
ponential term e j Aa) 1 multiplied on an incoming signal. 

[0012] The present invention offset detector includes a filter, an 
amplifier, a delay block, three adders, and two blocks that 
output the absolute value of an inputted signal. In a pre- 
ferred example of the present invention, the filter is a Fi- 
nite Impulse Response (FIR) filter that produces a Hilbert 
Transformation of the inputted complex gain. The Hilbert 
filter, together with the complex gain and two of the 
adders, generate two complex signals: Xp and Xn respec- 
tively representing the positive and negative frequency 
components of the inputted complex gain. Other filters 
whose amplitude responses are DC-offset odd functions 
may be able to replace the Hilbert transformation filter 
without departing from the spirit of the invention. The de- 
tector output is equal to the difference between the mag- 
nitudes of Xp and Xn. 

[0013] it is an advantage of the claimed invention that the dis- 
closed offset detector for AFC performs well under 
Rayleigh fading, improving signal quality in a 3GPP wire- 
less communications system. 
Brief Description of Drawings 



[0014] pig.l illustrates the spectrum of a channel complex gain 
without a frequency offset. 

[0015] pig. 2 illustrates an example spectrum of a channel com- 
plex gain with a frequency offset. 

[0016] pig. 3 is a block diagram of a general phase-locked loop 
for automatic frequency control. 

[0017] Fig. 4 is a block diagram of a frequency offset detector ac- 
cording to the prior art. 

[0018] Fig. 5 illustrates the spectrum of a channel complex gain 
under Rayleigh fading without a frequency offset. 

[0019] Fig. 6 illustrates the spectrum of a channel complex gain 
under Rayleigh fading with an example frequency offset. 

[0020] Fig. 7 is a block diagram of an automatic frequency control 
according to the present invention. 

[0021] Fig. 8 is a block diagram of the offset detector shown in 
Fig. 7. 

[0022] Fig. 9 is a graph of the output of the present invention off- 
set detector versus frequency offset. 

[0023] Fig. 10 is a graph of the output of another present inven- 
tion offset detector versus frequency offset. 
Detailed Description 

[0024] The present invention discloses an offset detector for AFC 
that performs well under Rayleigh fading. Instead of oper- 



ating in time domain, as does the prior art, the present 
invention operates in the frequency domain. 
[0025] The spectrum of the complex channel gain under Rayleigh 
fading exhibits a "U" shaped curve. The effects of a fre- 
quency offset on a carrier phase can be modeled as multi- 
plying the exponential term e j AaJ 1 on an incoming signal, 
resulting in the "U" shaped curve being shifted by the 
same amount of frequency as the frequency offset. The 
Doppler spread is symmetric if there is no frequency off- 
set. 

[0026] please refer to Fig. 5 and Fig. 6 for illustration of the effects 
of this multiplication. Fig. 5 shows the spectra of complex 
channel gain with no frequency offset after this multipli- 
cation. An original signal 60 and the corresponding nega- 
tive part 62 and positive part 64 of the original signal 60 
are shown. By comparison, Fig. 6 illustrates example spec- 
tra of a complex channel gain with a frequency offset 76 
after this multiplication. An original signal 70, the fre- 
quency offset 76, and the corresponding negative part 72 
and positive part 74 of the original signal 70 are shown. 
The present invention discloses a device and method that 
compensates for frequency offset by making use of these 
two parts of the received signal. An error signal is gener- 



ated according to the power of positive and negative com- 
ponents. 

[0027] it can De seen f rom Fig. 7 that the present invention AFC 
90 is a Phase-Locked Loop (PPL) comprising 6 parts. 
There is a phase detector, a loop filter, and a voltage con- 
trolled generator, but these blocks have been modified to 
lock the frequency offset under Rayleigh fading and work 
in baseband. The loop filter block of the AFC 90 com- 
prises a low-pass filter 93 and a gain amplifier 94. The 
voltage controlled generator block comprises a variable 
phase generator 95 and the above described exponential 
term e j AuJ 1 96. The phase detector block of the AFC 90 
comprises a multiplier 91 and an offset detector 92. Fig. 8 
shows the details of the equivalent offset detector 100. 

[0028] The present invention offset detector 100 shown in Fig. 8 
comprises a Finite Impulse Response (FIR) filter 102, an 
amplifier 104, a delay block 106, three adders 108, 110, 
and 112, and two blocks 114 and 116 that output the ab- 
solute value of an inputted signal. The FIR filter 102 pro- 
duces a Hilbert Transformation of the inputted complex 
gain. The Hilbert filter 102, together with the complex 
gain and the two adders 108 and 110, generate two com- 
plex signals: Xp and Xn representing the positive and 



negative frequency components respectively. The Hilbert 
transform is used to obtain a balance of the positive and 
negative frequency components. As shown in Fig. 8, Xp = 
X + j and Xn = x jx, where x is the output of the delay 
block 106 and jx is the output of the Hilbert filter 102 via 
the amplifier 104. 
[0029] The detector output is equal to the difference between the 
magnitudes of Xp and Xn and a graph of the characteris- 
tics of the detector output 120 is shown in Fig. 9. Theoret- 
ically, the Hilbert transformation applied to the complex 
gain by the Hilbert filter 102 is non-causal and is of infi- 
nite response. This implementation results in the finite 
transition region 124 in Fig. 9 and the necessity of the de- 
lay block 106 in Fig. 8. In the finite transition region 124, 
the slope of the line represents the gain of the detec- 
tor.The number of taps in the Hilbert filter 102 should be 
odd to simplify the delay block 106. Fig. 9 illustrates the 
characteristics using a 5-tap FIR filter as the Hilbert filter 
102. 

[0030] pig. 9 also shows the saturation region of the detector 

100. The detector 100 saturates if the frequency offset is 
larger than the summation of the transition region 124 
and the Doppler spread 122. Altering the tap length in the 



Hilbert filter 102 can change the size of the transition re- 
gion 124. A reduction in tap length increases the satura- 
tion frequency and reduces complexity. The Doppler 
spread 122 depends on the velocity of the mobile unit and 
therefore the knee of the detector 100 is not fixed. Fortu- 
nately, the saturation does not degrade the phase-locked 
loop 90. 

[0031] other filters whose amplitude responses are DC-offset 

odd functions can replace the Hilbert transformation filter 
102 without departing from the spirit of the invention. 
Fig. 10 shows amplitude responses of four examples of 
such alternate filters: a Saw filter, a Sine filter, a Triangle 
filter, and a Rectangle filter. 

[0032] it j S an advantage of the claimed invention that the dis- 
closed offset detector for AFC performs well under 
Rayleigh fading, improving signal quality in a 3GPP wire- 
less communications system. 

[0033] Those skilled in the art will readily observe that numerous 
modifications and alterations of the device and method 
may be made while retaining the teachings of the inven- 
tion. Accordingly, the above disclosure should be con- 
strued as limited only by the metes and bounds of the ap- 
pended claims. 



